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A B S T R A C T

Background: Mycobacterium mucogenicum is a non-tuberculous mycobacterium that is found ubiquitously in the
environment. This article is the first report of septic arthritis caused by M. mucogenicum.
Case report: A 44-year-old female healthcare worker presented with atraumatic left knee pain and systemic fea-
tures suggestive of septic arthritis in the context of recent left knee trauma and arthroscopic debridement. Over
the course of five months, she underwent four arthroscopic or open procedures and received eight different
antibiotics in pursuit of a definitive diagnosis and curative treatment. Intraoperative cultures grew multiple or-
ganisms, including methicillin resistant Staphylococcus aureus and M. mucogenicum. Follow-up at three months
revealed complete resolution of symptoms and good mobility of the joint.
Conclusion: As an atypical organism that is difficult to detect, good culture facilities and a high level of suspicion is
required to diagnose Mycobacterium mucogenicum infection. The delay in antimicrobial sensitivity availability
necessitates empirical antibiotics, and the ability of the pathogen to form biofilms necessitates aggressive syno-
vectomy for local control. Identifying contributing risk factors such as immunosuppressive therapy or an un-
derlying condition is crucial for achieving a cure. The need for synergistic antibiotic and orthopaedic treatment
highlights the need for a multidisciplinary approach involving both specialized Infectious Diseases and Ortho-
paedic teams to treat this hardy pathogen.
1. Introduction

Mycobacterium mucogenicum is a non-tuberculous, rapidly growing
mycobacteria that is found ubiquitously in environmental sources such as
tap water, ground water, and soil.1 It was first described in 1982 in the
context of a peritonitis outbreak at two dialysis units. M. mucogenicum is
known to thrive in intravascular devices, and has a propensity to form
biofilms, making it difficult to eradicate, which often results in prolonged
treatment courses.2 While it has been documented to cause soft tissue
abscesses, to our knowledge, this is the first documented case report of an
M. mucogenicum septic arthritis.3

2. Case presentation

Our patient is a 44-year-old Caucasian female healthcare worker who
had underwent a revision left knee arthroscopy 2 weeks prior to pre-
sentation for repair of chondral defects sustained from two separate
traumatic accidents. Aside from the initial arthroscopy 8 months prior,
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she had no other relevant medical or travel history.
The patient presented to the Emergency Department (ED) with a 24-h

history of atraumatic left knee pain, inability to bear weight and sub-
jective fevers. White cell count (WCC) was normal (8.98 � 109 cells/L)
and C-reactive protein (CRP) was mildly elevated (20.2 mg/L). A sterile
knee aspiration was performed in suspicion of septic knee arthritis, which
revealed a moderately elevated (17000 � 106 L) polymorphonuclear cell
count (PMN), a negative Gram stain, a negative acid-fast bacilli (AFB)
smear, and no crystals. Intravenous cefazolin 2 g 8-hourly was started
empirically, but given the unimpressive PMN level and clinical
improvement, an arthroscopic washout was not immediately performed.
Aspirate growth of Methicillin resistant Staphylococcus aureus (MRSA) on
day three prompted transition to intravenous vancomycin therapy with
conventional dosing and urgent arthroscopic irrigation and debridement.
Two days post-arthroscopy, the patient was bearing weight, afebrile and
had a down-trending CRP level (19.3 mg/L). She was discharged in
satisfactory condition for ongoing intravenous vancomycin therapy and
weekly laboratory monitoring.
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At two-week review, she had developed vancomycin induced neu-
tropenia, with an absolute neutrophil count (ANC) of (1.6 � 109 cells/L)
and WCC (6.76 � 109 cells/L). Vancomycin was therefore ceased and
daptomycin (10 mg/kg) via an infusion port was commenced instead.
However, the following day the patient re-presented with worsening
symptoms and a rising CRP (124 mg/L). A repeat arthroscopic irrigation,
debridement and open arthrotomy was performed, again in suspicion of
septic arthritis. One of five tissue samples eventually grew Paenibacillus
species, which was thought to likely be a contaminant. On day 11 of her
hospital stay, the patient was clinically improving and afebrile with a
normal CRP (6 mg/L). She was discharged with ongoing daptomycin (10
mg/kg) administration via ambulatory nursing and weekly laboratory
monitoring. At 19 days post-operation, two out of five intraoperative
samples as well as the pre-operative aspirate were reported to have
grownM. mucogenicum. Intraoperative tissue and fluid samples that were
tested for mycobacterium were first cultured onto chocolate agar, incu-
bated at 35� Celsius at carbon dioxide humidified atmosphere, with the
initial isolation process taking four days. The isolates were then sub-
cultured onto blood agar and Lowenstein Jensen media (Fig. 1), which
took another four days.

Microscopy of these isolates revealed poorly staining gram-positive
bacilli, weakly acid-fast bacilli on Ziehl-Neelsen stain, and strongly
acid-fast bacilli on modified Ziehl-Neelsen stain (Fig. 2).

Sensitivity testing revealed the M. mucogenicum isolates to be sus-
ceptible to amikacin, clarithromycin, and imipenem. After discussion
with the infectious disease team, the patient was readmitted and
commenced on IV amikacin (15mg/kg/day), ciprofloxacin (500 mg 12-
hourly), and meropenem (1 g 8-hourly), in addition to ongoing dapto-
mycin. The patient underwent further open left knee irrigation,
debridement, and synovectomy, with goals for curative treatment. Spe-
cifically, all inflamed synovial tissue was removed intraoperatively to
reduce the overall bacterial load and any biofilm that may have been
produced. One of six tissue cultures grew bacillus cereus, deemed a
contaminant. On day 12 of her hospital stay, the patient was mobilizing
independently with minimal pain, and had a normal CRP level (0.9 mg/
L). She was discharged with ambulatory IV amikacin, oral ciprofloxacin,
and oral sulphamethoxazole/trimethoprim.

Six days later, the patient reported objective hearing changes and
worsening left knee pain. Laboratory studies was significant for a rising
CRP level (31.7 mg/L). Amikacin was immediately ceased in view of the
audiometry changes, and following extensive discussion between the
patient, Orthopaedic and Infectious Disease teams, a repeat open irri-
gation and debridement was performed, with one out of five cultures
growing aspergillus niger, which was thought to most likely be a
contaminant. Eight days post-operation, the patient was clinically stable
and had a normal CRP (1.2 mg/L). She was discharged home with oral
ciprofloxacin and clarithromycin.

Three months post-discharge, the patient again presented to the ED
Fig. 1. M. mucogenicum grown on chocolate agar at 72 hours with typical mucoid ap
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with atraumatic left knee pain. She had a normal WCC (5.6� 109 cells/L)
and CRP level (0.9mg/L). A thorough review of systemswas performed to
screen for an underlying pathology. It was then discovered that the pa-
tient had been self-medicating with three-day courses of oral predniso-
lone for an undiagnosed arthropathy. Due to the history of recent and
recurrent infections, a left knee aspirate was taken, which revealed
negative cultures and a negative AFB smear. Given the lack of evidence of
active infection, a Rheumatology review was sought. The patient had a
negative autoimmune serology and immunology panel, and was ulti-
mately diagnosed with a seronegative spondyloarthropathy flare, for
which oral sulfasalazine 500mg was commenced. Further follow-up at
three months revealed complete resolution of symptoms, normal CRP,
and good mobility of the joint. Fig. 3 shows the timeline of key events in
this patient's care.

3. Discussion

Although the most common clinical presentation of NTM is catheter-
associated bacteremia, it can cause a broad spectrum of clinical syn-
dromes in both immunocompetent and immunocompromised patients,
such as osteomyelitis, soft tissue, respiratory, and lymphatic infections.4

It is unclear how M. mucogenicum colonized the knee joint of our
patient, however given its propensity to reside in hospital water and
disinfectants, possible sources could include contamination, during
arthroscopy, or via PICC line or inoculation whilst at home. In addition,
our patient's intermittent prednisolone usage and vancomycin induced
neutropenia may have contributed to initial colonization.

While at the time of writing there is no specific consensus statements
regarding antibiotic treatment of M. mucogenicum, ‘adequate’ antibiotic
therapy for treating the broader class of rapidly growing mycobacteria
has been defined as commencing two different antibiotics the organism is
susceptible to.5 Antibiotics that M. mucogenicum is generally susceptible
to include amikacin, cefoxitin, ciprofloxacin, clarithromycin, imipenem,
linezolid, moxifloxacin, trimethoprim-sulfamethoxazole, tobramycin,
and tigecycline.5 Cure rates are superior in patients who received empiric
antibiotic therapy with at least two of these agents followed by targeted
antibiotic therapy post-susceptibility testing.5 The total duration of
antibiotic therapy is variable, with one case series of M. mucogenicum
bacteremia infections reporting a median antibiotic treatment duration
of 42 days, with 33 out of 39 cases being associated with a central venous
catheter, and 12 patients being neutropenic.6 As M. mucogenicum
frequently colonizes intravascular catheters, removing devices that may
be colonized by M. mucogenicum is also considered to be a standard part
of the treatment regimen.7

With this being the first reported case of M. mucogenicum septic
arthritis in the literature, there many uncertainties regarding the optimal
treatment course of M. mucogenicum septic arthritis. The discovery of an
underlying seronegative arthropathy and self-administered pulse steroid
pearance of colonies (left), on a Lowenstein Jensen media for 24 hours (right).



Fig. 2. Poorly staining gram-positive bacilli on gram stain (top left); weakly staining acid-fast bacilli on Ziehl-Neelsen stain (bottom left); strongly acid-fast bacilli on
modified Ziehl-Neelsen stain (top right and bottom right).

Fig. 3. Timeline of hospital events, infections, and antibiotic therapies of this case (colored) Legend: red flag represents cessation of antibiotic therapy due to toxicity.
(For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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therapy in our patient's final presentation to the ED highlights the need to
provide individualized treatment to patients. Rather than optimizing
antibiotic therapy alone, a comprehensive review of systems should be
performed to identify root causes and contributing factors such as
immunosuppression. If more than one patient had been affected, our
team would have considered evaluating environmental sources such as
water supplies and surgical equipment.

In our case, a multidisciplinary approach with aggressive antibiotic
and surgical management was critical for eventually curing the patient.
However, even with this synergistic approach, the patient's treatment
course was complicated by recurrent presentations and antibiotic side
effects. This highlights the importance of ongoing laboratory draws post-
discharge and early clinic follow-up of M. mucogenicum infections to
allow for early identification of complications.

As this paper is the first case report of M. mucogenicum septic arthritis,
there are still many uncertainties regarding typical clinical course and
3

ideal treatment. Further reports may offer greater insight into its clinical
course and ideal treatment.

4. Conclusion

We present a patient with polymicrobial septic knee arthritis
involving M. mucogenicum, which to our knowledge has not been re-
ported in the literature to date. In our case, extended cultures, early
initiation of appropriate empirical antibiotic treatment, aggressive open
debridement and synovectomy for source control, and comprehensive
review of systems and laboratory screening for underlying conditions
was key to successful identification and treatment of the pathogen.
Finally, early involvement of multidisciplinary specialty input provided
invaluable insights and coordinated Orthopaedic and antibiotic treat-
ment regimens.
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